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http://dx.doi.org/10.1016/j.jds.2013.0Abstract Background/purpose: The aim of this study was to evaluate the effect of 10% so-
dium ascorbate solution on dentin bond strength after being treated with different oxygen-
releasing root canal irrigants.
Materials and methods: Twenty-one human third molars were used in this study. The speci-
mens were randomly divided into seven groups according to irrigation solutions, as follows:
Group C (control group), distilled water; Group SH, 5.25% sodium hypochlorite (NaOCl); Group
SHA, 5.25% NaOCl þ 10% sodium ascorbate solution; Group HP, 10% hydrogen peroxide (H2O2);
Group HPA, 10% H2O2 þ 10% sodium ascorbate solution; and Group OW, ozonated water; Group
OWA, ozonated water þ 10% sodium ascorbate solution. A two-step self-etching adhesive sys-
tem (CLEARFIL SE Bond) was applied to the surfaces, and resin core buildups (Filtek Z550) were
placed. The specimens were sectioned into 1-mm2 beams and tested in a microtensile bond-
strength (mTBS) testing machine at a cross-head speed of 1 mm/minute. Fractured specimens
were examined with a stereomicroscope to determine the mode of failure (adhesive, cohesive,
or mixed). The data were analyzed by one-way analysis of variance and Tukey tests (P < 0.05).
Results: The ozonatedwater-treated groups showed the lowest mTBS values among all the
groups. Although the 10% sodium ascorbate application increased dentin bond strength in
Group OW, the difference was not significant (P > 0.05).of Restorative Dentistry, Faculty of Dentistry, Ondokuz Mayıs University, Kurupelit, Samsun 55139,
u.edu.tr (N. Go¨nu¨lol).
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140 N. Go¨nu¨lol et alConclusion: Although 10% sodium ascorbate application for 10 minutes is an effective method
to reverse the compromised bond strength of NaOCl- and H2O2-treated dentin, it might not
have a sufficient effect when the dentin is treated with ozonated water.
Copyright ª 2013, Association for Dental Sciences of the Republic of China. Published by Else-
vier Taiwan LLC. All rights reserved.Introduction
The purpose of restoring endodontically treated teeth is to
prevent bacterial infiltration from the oral cavity, re-
establish their functionality and aesthetics, and avoid
fracture of the remaining dental structure.1,2 However, the
prognosis of endodontically treated teeth relies on coronal
sealing as well as apical sealing after effective chemo-
mechanical preparation of the root canals.3e5 As such, in
the past few years, coronal leakage has been extensively
demonstrated as a negative contributor to the prognosis of
endodontic treatments.6 Immediate sealing of endodonti-
cally treated teeth, using restorative materials, has been
reported as a powerful tool in preventing coronal leak-
age.4,6,7 Nevertheless, chemical substances used during
biomechanical preparation of root canals can alter the
composition of the dentin surface and affect the interac-
tion with restorative materials.1,6,8
Sodium hypochlorite (NaOCl) and hydrogen peroxide
(H2O2), which are common endodontic irrigants widely used
for the debridement and deproteinization of mechanically
prepared, smearlayer-covered radicular dentin, have anti-
bacterial and organic tissue-dissolution properties.9e12
However, NaOCl and H2O2 have been shown to affect the
bond strength of resin composite to dentin adversely after
endodontic treatment.8,9,13 NaOCl and H2O2 are potent
biological oxidants, and they cause the oxidation of some of
the components of the dentin matrix, particularly collagen.
They form protein-derived radicals that compete with the
propagating vinyl-freeradicals generated by the photo-
activation of resin adhesives, resulting in premature chain
termination and incomplete polymerization.1,9,13e15 In
addition, they liberate oxygen, which causes strong inhi-
bition of polymerization in the adhesive system.1,16
Ozone is a very reactive gas that shows important antimi-
crobial properties. It is found in natural form in the atmo-
sphere, or it can be produced by generators.17 Ozone forms
oxidative radicals in the presence ofwater that penetrate and
act on cell membranes, affecting osmotic stability, promoting
the oxidation of amino acids and nucleic acids, and causing
cellular lyses, depending on the extent of the reaction. As
such, it has been recommended for treatment of gum in-
fections, use during surgery, failed implant cases, root caries,
and in root canal treatment.18 It is expected that the usage of
ozonated water during root canal treatment also causes
oxidation of the components in the dentin matrix by forming
reactive oxidizing species (OH) and inducing a reduction in
the dentin bond strength of adhesive systems.
Ascorbic acid and its sodium salts are well-known antioxi-
dants that are capable of reducing a variety of oxidative
compounds, especially free radicals.6,19 In previous studies, it
was reported that these antioxidants could reverse the
compromising effect of NaOCl and H2O2 on the bond strengthof enamel and dentin by restoring the altered redox potential
of theoxidized bonding substrate.9,20e25 It has been suggested
that itwouldbepossible for thecompromisedbond strength to
be reversed by a reduction of the oxidized surfaces with a
neutral, biocompatible antioxidant, such as sodium ascor-
bate, prior to when resin bonding occurs.9
In this study, the effects of 10% sodium ascorbate solu-
tion on dentin bond strength after treatment with oxygen-
releasing different root canal irrigants were tested. To the
best of our knowledge, although there is much evidence for
the effect of ascorbic acid solutions on NaOCl- and H2O2-
treated dentin, studies on bond strength to dentin treated
with ozonated water are limited. The null hypotheses
tested were that: (1) there would be no difference in
microtensile bond strength (mTBS) to dentin among the
tested endodontic irrigants, and (2) sodium ascorbate
would not affect the bond strength to dentin after irriga-
tion with oxidizing root canal irrigants.Materials and methods
Specimen preparation
Twenty-one sound, freshly extracted human third molars
were used in this study. Informed consent was obtained from
all the patients. The teeth were stored for less than 4 weeks
in 0.5% chloramine T solution at 4C. The teeth were cleaned
using scalers and rotating brushes to remove soft-tissue
remnants and calculus completely. The crowns were sepa-
rated from the roots 1 mm apical to the cemente
enamel junction, using a diamond saw under water cooling.
The occlusal enamel was ground, under water lubrication,
perpendicular to the long axis of the tooth to expose flat
surfaces of sound dentin, and standard dentin slabs
(4 mm  5 mm) were obtained by trimming the outer edges
of the teeth. The occlusal dentin surfaces were then polished
with fine-grade silicon papers (600e1200 grit) under running
water to create a uniform surface and smear layer. The
samples were washed for 60 seconds and stored in distilled
water at 4C for 24 hours. The specimens were randomly
divided into the following seven groups (three teeth in each
group), according to the irrigant regimen used: (1) Group C:
Irrigated with distilled water for 10 minutes (control group);
(2) Group SH: Irrigated with 5.25% NaOCl for 10 minutes and
rinsed with distilled water for 20 seconds; (3) Group SHA:
Irrigated with 5.25% NaOCl for 10 minutes, rinsed with
distilled water for 20 seconds, and freshly made 10% sodium
ascorbate solution was applied to the dentin surfaces for 10
minutes; (4) Group HP: Irrigated with 10% H2O2 for 10 mi-
nutes and rinsed with distilled water for 20 seconds; (5)
Group HPA: Irrigated with 10% H2O2for 10 minutes, rinsed
with distilled water for 20 seconds, and freshly made 10%
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for 10 minutes; (6) Group OW: Irrigated with 4 mg/L ozo-
nated water for 10 minutes and rinsed with distilled water
for 20seconds; and (7) Group OWA: Irrigated with 4 mg/L
ozonated water for 10 minutes and freshly made 10% sodium
ascorbate solution was applied to the dentin surfaces for 10
minutes.
Ozone was produced by electrical discharge by passing a
current of oxygen (Dr Hansler OZONOSAN Photonik, Dr J
Hansler GmbH, D-76473, Iffezheim, Germany). To obtain
the ozonated water, a scrubber was used, and sterile
distilled water was ozonated for 5 minutes at a flow rate of
5 L/minute, to obtain a final ozonated water concentration
of 4 mg/L. The ozonated water was used within 20 minutes
of preparation.
Following the pretreatment procedures, all specimen
surfaces were dried with air, and then a two-step self-
etching adhesive system (CLEARFIL SE Bond; Kuraray, Tokyo,
Japan) was applied, according to the manufacturer’s in-
structions. After completion of the adhesive applications,
resin core buildups (Filtek Z550; 3M ESPE, St. Paul, MN, USA)
were placed in two increments approximately 2 mm in
height. Each layer of the composite was separately light-
activated for 20 seconds using an Elipar FreeLight 2 (3M ESPE)
light-curing unit with a minimum intensity of 1000 mW/cm2.
mTBS
After storage in distilled water at 37C for 24 hours, the
specimens were sectioned, perpendicular to the adhesive
interface, into a series of 1-mm thick slabs, using a water-
cooled diamond saw (IsoMet 1000; Buehler Ltd, Lake Bluff,
IL, USA). By rotating the specimen 90 and sectioning it
again lengthwise, sticks with cross-sectional areas of
approximately 1 mm2 were obtained. This resulted in an
average of 15 sticks for each experimental group (n Z 15),
with cross-sectional areas of approximately 1 mm2. Each
stick was measured using a digital caliper (ABSOLUTE Dig-
imatic, MITUTOYO, Tokyo, Japan; accuracyZ 0.002 mm) to
measure the thickness and width of the bonded area.
All the sticks were fixed to the grips of a microtensile
device with cyanoacrylate adhesive (Pattex; Henkel AS‚,
Istanbul, Turkey) and tested in a mTBS testing machine
(Microtensile Tester; Bisco, Schaumburg, IL, USA) at a cross-
head speed of 1 mm/minute, until specimen failure
occurred (Fig. 1). Cross-sectional dimensions at the site of
failure of each specimen were measured to the nearest
0.01 mm, using the digital caliper to calculate the surface
area. Thus, the mTBS value was calculated in megapascal by
dividing the imposed force (in Newton) at the time of
fracture by the bond area (in square millimeters).
Failure mode analysis
Fractured specimens were examined with a stereomicro-
scope (SMZ 1500; Nikon, Tokyo, Japan) at 80 magnification
to determine the mode of failure (adhesive, cohesive, or
mixed). In adhesive failure, 80e100% of the failure occurred
between resin and dentin; in cohesive failure, 80e100% of
the failure occurred in the underlying dentin or the overlying
composite; and in mixed failure, 80e100% of the failure wasa mixture of adhesive failure between resin and dentin and
cohesive failure in the bonding agent and/or dentin.
Statistical analysis
The ShapiroeWilk test was used to evaluate the normal
distribution of the variables, and Levene’s test was used to
test the homogeneity of variances.One-way analysis of
variance (ANOVA) was performed in a completely random-
ized design: bYijZmþ ai þ eij, where bYij is mTBS values (in
megapascal), m is the overall mean, ai is the effect of the
treatment (groups of root canal irrigants), and
eij Z residual error. Tukey multiple range test was then
used to separate these differences.
Failure modes were analyzed for statistically significant
differences by a nonparametric Pearson Chi-square test. All
the computational work was performed using Minitab 2000
(Minitab Statistical Software, Release 13.20; Minitab Inc.,
State College, PA, USA).
Results
The ShapiroeWilk test showed normal distribution of the
variables (P > 0.05). The variances were homogenous ac-
cording to Levene’s test (PZ 0.489). The mean mTBS values
and the respective standard deviations for the groups are
presented in Table 1. One-way ANOVA revealed significant
differences in the bond strengths of the experimental
groups (P < 0.001).
Among all the groups, the highest mTBS values were
obtained in the control group (Group C Z 37.34  8.87);
the application of 10% sodium ascorbate solution followed
by 5.25% NaOCl (Group SHA Z 34.40  5.96) and 10% H2O2
(Group HPA Z 32.92  5.27) showed a bond strength to
dentin similar to that of the control group (P > 0.05). The
groups that were only treated with 5.25% NaOCl (Group
SH Z 29.12  6.74) and 10% H2O2 (Group
HPZ 28.05  5.35) showed lower mTBS values than those of
the 10% sodium ascorbate solution-treated groups (Group
SHA and Group HPA); however, the differences were not
statistically significant (P > 0.05). Although the ozonated
water-treated group (Group OW Z 16.81  5.28) showed
the lowest mTBS values among all the groups, there was no
statistically significant difference between Group OW and
the 10% sodium ascorbate solution-treated group (Group
OWA Z 21.10  3.43) (P > 0.05).
The failure mode results are summarized in Table 2. The
analysis showed that the failures were mostly adhesive in
all the tested groups. There were fewer cohesive failures,
which are generally associated with higher bond strength,
in all groups, and none were detected in Group OW.
Discussion
The results of this in vitro study support the rejection of
the null hypothesis that there would be no difference in
mTBS to the dentin surface among the tested endodontic
irrigants. The second null hypothesis, that is, sodium
ascorbate would not affect the bond strength to the dentin
surface after irrigation with oxidizing root canal irrigants, is
Figure 1 Schematic illustration of sample preparation for microtensile bond-strength (mTBS) testing.
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irrigation caused significantly lower bond strength to the
dentin surface than the other oxygen-releasing root canal
irrigants. However, a 10% sodium ascorbate solution appli-
cation for 10 minutes reversed the decreased bond strength
in all the tested groups, but this increase was not significant
in the ozonated water-irrigated groups.
In the present study, the microtensile test was used
because of the possibility of performing the analysis in an area
of approximately 1.0 mm2, producing uniformity in the stress
distribution and contributing to obtaining accurate results.1
The dentin surface of endodontically treated teeth is
generally contacted by mechanical instrumentation, irri-
gation, medication, and temporary restoration. NaOCl and
H2O2 are the most common endodontic irrigants used for
deproteinization of mechanically prepared root dentin.25
However, NaOCl or H2O2 treatment of dentin results in
potent biological oxidation and reduces the bond strengthTable 1 Mean and standard deviation of microtensile bond stre
Experimental groups Treatment
Group C Distilled water/control
Group SHA 5.25% NaOCl þ 10% sodium asco
Group HPA 10% H2O2 þ 10% sodium ascorba
Group SH 5.25% NaOCl
Group HP 10% H2O2
Group OWA 4 mg/L ozonated water þ 10% s
Group OW 4 mg/L ozonated water
P < 0.001.
*Groups identified by the same superscript letters are not significantl
**Groups identified with different superscript letters are significantly
H2O2 Z hydrogen peroxide; NaOCl Z sodium hypochlorite; SD Z stabetween resin composite and dentin.9,11 These residual
irrigant solutions and their products are likely to diffuse
into the dentin. As the self-etching adhesive system used in
this study (CLEARFIL SE Bond) contains acidic monomers in
its composition, it produces increased dentin permeability
and increases the flow of fluids into the dentinal tubules.
Thus, the residual chemical substances in the fluid could
interact with the adhesive system and affect the light
polymerization of the monomer in the demineralized
dentin, causing a decrease in bond strength.1 In this study,
in accordance with many previous studies, irrigation with
5.25% NaOCl and 10% H2O2 solutions for 10 minutes signifi-
cantly decreased the bond strength to the dentin
surface.3,6,8,9,11,23,25
Ozone is considered an antimicrobial agent, based on its
oxidative effect on the external and internal cellular
components of microorganisms. It has been shown to cause
enzyme inactivation, as well as cell wall and membranengths in megapascal for different experimental groups.
N Mean  SD
15 37.34  8.87a
rbate 15 34.40  5.96a,b
te 15 32.92  5.27a,b
15 29.12  6.74b
15 28.05  5.35b
odium ascorbate 15 21.10  3.43c
15 16.81  5.28c
y different (P > 0.05).
different (P < 0.05).
ndard deviation.





Group C 15 56 38 6
Group SH 15 75 19 6
Group SHA 15 50 37 13
Group HP 15 81 13 6
Group HPA 15 50 44 6
Group OW 15 94 6 d
Group OWA 15 75 19 6
Data are presented as %.
a Failure mode: Adhesive Z interfacial failure; Mix Z mixed
with adhesive failure between resin and dentin, and cohesive
failure in bonding agent and/or dentin; Cohesive Z failure
occurred in underlying dentin or overlying composite.
Effect of sodium ascorbate on dentin bond strength 143damage.26,27 Ozone is an unstable molecule that rapidly
decomposes into oxygen. Oxygen can inhibit the polymeri-
zation of adhesive systems, and consequently, can reduce
the bond strength between adhesive restorative materials
and hard tissues.28 When compared with NaOCl and H2O2,
ozone gas is a powerful oxidizing agent; as such, a similar or
even more deleterious effect on bonded restorations is to
be expected. Moreover, ozone becomes an even stronger
oxidant when dissolved in water, as it decomposes quickly
into one of the strongest known hydroxyl radicals.26
In the current study, to eliminate the adverse effect of
root canal irrigants, a 10% sodium ascorbate solution was
applied to the dentin surfaces, resulting in an increase in
the dentin bond-strength values of all the tested groups. It
is possible that by restoring the altered redox potential of
the oxidized bonding substrate, sodium ascorbate allows
free-radical polymerization of the adhesive to proceed
without premature termination, and hence, reverses the
compromised bonding in the treated dentin.9
C¸elik et al25 stated that the effect of antioxidants also
depends on the type of adhesive systems and their specific
compositions. Kaya and Tu¨rku¨n22 demonstrated that a so-
dium ascorbate application might reverse the decreased
bond-strength values of a two-step self-etch adhesive sys-
tem (CLEARFIL SE Bond) after several bleaching pro-
cedures. Similarly, in this study, CLEARFIL SE Bond was used
for adhesion of the restorative material to dentin, and no
etching procedure was applied. This is because, in etch and
rinse adhesive systems, the rinsing step could change the
bonding promotion effect of sodium ascorbate on the
dentin surface.
The effect of sodium ascorbate on bond strength after
H2O2 and NaOCl applications has been evaluated in many
studies.11,20e25 In these studies, application times and
concentrations of sodium ascorbate were varied. Pra-
sansuttiporn et al11 stated that 5-secondand 10-second
applications of 10% sodium ascorbate on 30-second NaOCl-
treated dentin did not significantly increase the bond
strength compared with NaOCl-treated dentin. Therefore,
these application times were insufficient for sodium
ascorbate to exhibit a beneficial effect on compromised
bonding to NaOCl-treated dentin. C¸elik et al25 and Vong-
phan et al23 rinsed the specimens with a 10% sodiumascorbate solution for 10 minutes after irrigation with 5.25%
NaOCl and stated that antioxidant application for 10 mi-
nutes significantly reversed the negative effect of irrigation
solutions. In addition, Vongphan et al23 detected that sub-
sequent water irrigation after sodium ascorbate application
might cause a significant decrease in bond strength to
dentin. Similarly, in this study, a 10-minute application of
sodium ascorbate, without subsequent water irrigation,
increased bond-strength values in all the tested groups.
Although the oxidative effect of ozone gas and ozonated
water prior to bonding procedures has been investigated in
many studies, the effect of immediate sodium ascorbate
treatment on bonding after ozonated water treatment is
still unclear. Garcia et al26 investigated the influence of
ozone gas and ozonated water application on resinedentin
bond strength and applied 3.5 ppm ozone in aqueous form
and 2100 ppm in gaseous form for 120 seconds. Conse-
quently, they stated that the contact time was not enough
to impair the bond-strength values. In addition, in several
previous studies, gaseous ozone did not produce any
detrimental effect on bonding to enamel and dentin sur-
faces or on the mechanical properties of the adhesives
tested.26,29e31This could be due to the rapid degradation of
gaseous ozone when it comes into contact with organic
compounds, due to its high instability and reactivity.26 In
previous studies, it was reported that the effect of ozo-
nated water had effectiveness similar to that of gaseous
ozone,32,33 and Garcia et al26 reported that the use of
ozonated water could be an excellent alternative to its use
in the gaseous mode, preventing unnecessary inhalation by
patients. Other advantages of ozone in the aqueous phase
are its potency, ease of handling, lack of mutagenicity,
rapid microbicidal effects, and suitability for use as a
soaking solution for medical and dental instruments.34 In
this study, although there is still disagreement about the
optimal exposure time and concentration of ozone for
effective antimicrobial action, 4 mg/L of ozonated water
wasused, according to the findings of Nagayoshi et al,34 who
found that 4 mg/L of ozonated water had nearly the same
antimicrobial activity as 2.5% NaOCl during irrigation.
Rodrigues et al28 applied 5.0 g/L ozone gas to dentin for
40 seconds and observed a significant increase in bond
strength after a 10-minute 10% sodium ascorbate applica-
tion. Similarly, in this study, a 10% sodium ascorbate was
applied for 10 minutes, but the increase in bond-strength
values of ozonated water-treated dentin was not signifi-
cant. The differences in application times and concentra-
tions might be the main reason for these results.
Therefore, it can be concluded that a 10% sodium
ascorbate application would not be enough to reverse the
compromised bond strength after a 10-minute application
of 4 mg/L ozonated water. Further studies are needed to
determine the proper concentration and application time
of sodium ascorbate solution in ozonated water-treated
teeth.
Under the limitations of this in vitro study, the application
of ozonated water resulted in the lowest bond strength to
dentin. Although a 10-minute 10% sodium ascorbate appli-
cation is an effective method to reverse the compromised
bond strength of NaOCl- and H2O2-treated dentin, it might
not have a sufficient effect when dentin is treated with
ozonated water.
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